Introduction {#Sec10}
============

Gonorrhea is the most common sexually transmitted bacterial infection in China. Recent studies indicate that molecular mechanisms of the infection vary with anatomical sites \[[@CR1]\]. In male patients and a few female patients, gonorrhea is characterized by purulent discharge (infiltration of polymorphonuclear neutrophils), but in most female patients, the symptoms of genital tract infection, such as pus discharge, abdominal pain, and dyspareunia, tend to be slight or even absent.

With a number of genital infections, sex hormones are associated with the susceptibility to and progression of these conditions. Some studies demonstrated that, with chlamydia infection, susceptibility and inflammatory responses in the female genital tract were regulated by sex hormones \[[@CR2]\]. MacDonald et al. also found that hormones could modify the susceptibility of human primary genital epithelial cells to herpes simplex virus in females \[[@CR3]\]. Moreover, women, especially pregnant women, at the luteal phase of the menstrual cycle when progesterone levels are highest, are most susceptible to *Candida albicans* infections \[[@CR4]\]. It was also found that, in women, the susceptibility to ascending gonococcal infection changes with menstrual cycle. Our previous studies showed that progesterone delayed the onset of apoptosis in polymorphonuclear leucocytes (PMNs) challenged by *Neisseria gonorrhoeae* (Ngo) in vitro \[[@CR5]\]. Furthermore, progesterone could inhibit the mRNA expression of inflammatory factors such as iNOS, TNF-α, and IL-1β. On the basis of these findings, we postulate that progesterone may be related to the absence of symptoms of gonorrheal infections in females. Progesterone, progesterone-related nitric oxide (NO), and the progesterone production-related enzymes may be implicated in the mechanism.

Besides hormones, the status of the wild-type strains per se is presumably an important factor leading to the presence or absence of the symptoms. The virulence of Ngo varies with their genotypes, and it directly determines the intensity of inflammatory responses of organisms to Ngo. On the other hand, progesterone influences not only the inflammatory response of organisms to Ngo, but also the virulence and other biological properties of Ngo \[[@CR6], [@CR7]\]. For example, progesterone may affect the mtrCDE efflux system of some Ngo, thereby, changing their survival ability \[[@CR8]\]. This study was designed to examine the relation between the presence of symptoms and the serum progesterone level in patients with gonorrheal infection.

Materials and methods {#Sec1}
=====================

Isolation of *N. gonorrhoeae* {#Sec2}
-----------------------------

*N. gonorrhoeae* were collected from 975 female patients aged 18 to 42 years who visited the sexually transmitted disease (STD) clinics of Union Hospital and Tongji Hospital of Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, from February 2006 to March 2008. Isolates were inoculated onto non-selective or selective media, and, when necessary, subjected to microcultures. Ngo were identified by employing the oxidase test and Gram-staining, and finally confirmed by using coagglutination (Phadebact or specific monoclonal antibodies) \[[@CR9], [@CR10]\]. The symptomatic group was defined if both of the following were observed: (1) easily induced endocervical bleeding or mucopurulent endocervical exudate were present on examination and (2) 30 or more PMN/HPF were present on Gram stain smear of endocervical secretions. The asymptomatic group did not develop obvious symptoms, but cervical hypertrophy and erosion were found in gynecological examination and 10\~30 PMN/HPF were present on Gram stain smear of endocervical secretions. In the normal group, less than 10 PMN/HPF were found on Gram stain smear of endocervical secretions \[[@CR11], [@CR12]\].

Hormone assay {#Sec3}
-------------

Blood was drawn from all of the subjects on an empty stomach. The blood was centrifuged at 3,000g for 15 min at 4°C, and the supernatant was harvested and stored at −70°C. Serum estradiol and progesterone were measured by radioimmunoassay (RIA). RIA kits were provided by Shenzhen Larewen Biomedical Engineering Technology Co. Ltd., China. The assay sensitivity was 10 pg/ml for estradiol and was between 0.2\~0.6 ng/ml for progesterone. The inter- and intra-assay coefficients of variation were all \<10%.

Strain culture and characterization {#Sec4}
-----------------------------------

The bacteria were cultured on Thayer-Martin agar and GC-based chocolate agar, and identified by Gram staining and oxidase test. Pure cultures supplemented with 8% skimmed milk and 10% fetal calf serum were used for long-term storage at −70°C. The strains had not been passaged prior to this study. Auxotyping and serotyping were not done on the strains. For DNA analysis, strains were retrieved from the stock and cultured on GC-based chocolate agar overnight at 36°C in 5% CO~2~. A single colony was subcultured once before the DNA was prepared. In brief, bacterial suspensions (OD at 540 nm of 1.0\~2.0; \~10^8^--10^9^ cfu/mL) were made in 0.17 mol/L PBS (pH 7.3), and the bacteria were pelleted by centrifugation at 2,000g for 5 min, washed once, resuspended in PBS, and boiled for 5 min. The lysate was centrifuged at 2,000g for 5 min, and the supernatant was stored at −20°C. All positive isolates were genotyped by using NG-MAST as described previously \[[@CR13], [@CR14]\]. DNA sequencing of *por*--*tbpB* was carried out by Shanghai Sangon Biological Engineering Technology & Services Co. Ltd., China. Alignments of trimmed sequences were performed by the use of ClustalX (version 1.8). Gonococcal genetic island (GGI) positive-specific and GGI negative-specific polymerase chain reaction (PCR) amplification was performed on all strains examined. Chromosomal DNA of each strain was amplified using primers 77F (5′-TAACAGCAGACGCTCCATTC-3′) and 86R (5′-CAAGCGCATGGTACATGAAT-3′) (Tm 57°C; extension time 90 s) and primers 73F (5′-AGCCATCAGGGAGGCGGATA-3′) and hlh-ggiR (5′-CAGGCAAACAGCTATTTGAG-3′) (Tm 54°C; extension time 90 s).

Statistical analysis {#Sec5}
--------------------

The Statistical Package for Social Sciences (SPSS v13.0 for windows) was used for the data analysis. Descriptive statistics were performed for each variable. Quantitative results are presented as mean (± SD). the means were compared by using one-way analysis of variance (ANOVA) and the two-sample *t*-test. Proportions for the two groups were compared by using the χ^2^ test and the Fisher exact test. A *p*-value \< 0.05 was considered to be statistically significant.

Results {#Sec6}
=======

Serum estradiol and progesterone levels {#Sec7}
---------------------------------------

The serum progesterone and estradiol levels were measured in the three groups. Comparison of the symptomatic group and the asymptomatic group showed that serum progesterone levels of the asymptomatic group were significantly higher (*p* \< 0.01) than those of the symptomatic group. However, no significant difference was found in the serum estradiol levels between the symptomatic group and its asymptomatic counterpart (Table [1](#Tab1){ref-type="table"}). We found that the asymptomatic subjects were mostly at the luteal phase, while the subjects in the symptomatic group were mainly at the follicular or ovulatory phase. Table 1Serum progesterone and estradiol levels in the two different groups ($\documentclass[12pt]{minimal}
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                \begin{document}$$ \overline {\hbox{x}} \pm {\hbox{s}} $$\end{document}$) (pg/ml)GroupsSymptomaticAsymptomatic*n*4239Progesterone0.65 ± 0.32 ng/mL\*9.04 ± 4.95 ng/mLEstradiol87.24 ± 7.06 pg/mL119.35 ± 6.45 pg/mLComparison of the symptomatic group and the asymptomatic group, \**p* \< 0.01

Phenotypic and genotypic characterization of isolates {#Sec8}
-----------------------------------------------------

Among the 975 women enrolled in this study, 91 women (9.33%) were diagnosed with gonococcal infection and in ten women, specimens were not collected. A total of 81 isolates were obtained. In 39 women, the symptoms were not apparent, but cervical hypertrophy and erosion were found in gynecological examination (asymptomatic group). Eighty-one isolates showed 41 and 30 divergent partial NG-MAST *por* and *tbpB* alleles, respectively, which resulted in the assignment of 50 different sequence types (STs). The genotypic characterization of ST isolates (total 81 strains) is summarized in Table [2](#Tab2){ref-type="table"}. ST2951 was the most prevalent ST found in asymptomatic patients. Among them, 7 of 8 strains of the ST2951 genotype were from the asymptomatic group. Table 2The no-unique *Neisseria gonorrhoeae* multi-antigen sequence types (NG-MAST) associated with female infections in Wuhan, ChinaGroupsCollected timeNo-unique ST types (*por* allele--*tbpB* allele)GGILuteal phaseFollicular phaseUncertainPositiveNegativeAsymptomatic27932951 (217-679), 735 (242-4), 436 (90-21), 2943 (1226-33), 314 (241-75), 147 (53-21)2712Symptomatic16251809 (543-33), 369 (256-137), 2948 (4-8), 421 (206-156), 641 (90-186)2913ST, sequence type

Discussion {#Sec9}
==========

Strong evidence demonstrated that sex steroids influence the pattern of inflammatory substances in human. The role of progesterone as a natural immune-suppressant has been known for a long time. The higher incidence of immune-mediated diseases in women has been attributed to progesterone down-regulating proinflammatory cytokines in cross-sectional trials \[[@CR15]--[@CR17]\]. Progesterone may be of particular relevance in female asymptomatic gonococcal infections and need to be further investigated. Hedges et al. conducted an in vivo experiment and found that women with gonococcal cervicitis did not exhibit elevated local levels of IL-1, IL-6, and IL-8 \[[@CR18]\]. Their study, however, did not to take the influence of hormones into account. In this study, we demonstrated that, in females with gonococcal infection, the levels of serum progesterone were significantly higher in asymptomatic patients than in symptomatic patients (*p* \< 0.01). In combination with our previous studies, our present results suggest that progesterone may play a role in female asymptomatic infections by down-regulating inflammatory response and delaying the onset of apoptosis. The levels of serum progesterone were higher in the asymptomatic group than in the symptomatic group. The reason for this may be that the serum was collected from asymptomatic subjects mostly at the luteal phase, while in the symptomatic group, the serum was taken mainly at the follicular phase.

Variation within the *por* and *tbpB* loci is likely to be selected by the human immune response, and there are large numbers of alleles at both loci \[[@CR19]\]. The internal fragments of *por* and *tbpB* from 81 isolates were amplified, and both strands were sequenced. There were 41 different *por* alleles and 30 different *tbpB* sequences, resulting in 50 different two-locus allelic profiles. Among the 81 isolates, the most common alleles were *por*-217 and *tbpB*-33, which were found in 10 and 13 isolates, respectively. Only in one isolate were 30 *por* alleles and 19 *tbpB* alleles found. ST2951, ST735, and ST436 were common in asymptomatic patients, but ST809 and ST369 was prevalent in symptomatic patients. This subpopulation of Ngo prevails in females with asymptomatic infections in our series (Wuhan) now. In Sweden, the genetic characterization identified one widely spread ciprofloxacin-resistant *N. gonorrhoeae* ST147 strain \[[@CR20]\]. The ST147 strain successively appeared in America and Africa. It is the most reported genotype of *N. gonorrhoeae* in the literature at present. We obtained only three isolates of the ST147 strain. After comparison, we know that NG-MAST sequence types might be related to the asymptomatic gonococcal infections, but the connection remains unknown.

The GGI, present in 80% of gonococcal strains, contains two lytic transglycosylase homologs, AtlA and LtgX, which may produce peptidoglycan (PG) fragments \[[@CR21]\]. PG fragments can induce IL-8 production and cause the infiltration of PMNs to the sites of infection. *N. gonorrhoeae* can survive in PMNs and infect other individuals through purulent secretion. It was presumed that Ngo mutants defective in the type IV secretion system may induce less IL-8 production and less PMN infiltration. Table [2](#Tab2){ref-type="table"} shows that both GGI-positive and GGI-negative strains were found in the asymptomatic group and there were GGI-positive and GGI-negative strains in the symptomatic group, suggesting that GGI has nothing to do with female asymptomatic gonococcal infection.

In conclusion, our results showed that the Ngo GGI genotype is not linked with female gonococcal infections, but progesterone is associated with the outcome of the condition. A better understanding of the mechanisms of female asymptomatic gonococcal infections can help to improve therapeutic and diagnostic results of the disease. The molecular mechanism of the interaction between progesterone and PMNs in gonorrhea warrants further investigation.
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